"severe" disease and much of the controversy about the therapeutic efficacy of the measures listed in Table 1 can be related to difficulty in the identification and definition of" severe" pancreatitis. The operative finding of pancreatic hemorrhage or necrosis has often been used to identify "severe" pancreatitis (13, 31, 44, 53, 59, 63, 72, 73) . Clearly such criteria are useless in the evaluation of the relative efficacy of management regimes which do not allow direct inspection of the pancreas. A number of recent attempts have been made to estimate by objective early measurements the risk of death or complications from acute pancreatitis (40, 42, 66, 67, 88, 92) . It is hoped that wider use of objective criteria to classify this disease will permit more rational evaluation of treatment.
In this review, surgical treatment of acute pancreatitis will be considered in two categories: first, early surgical measures designed to ameliorate the overall morbidity of pancreatitis itself; and second, measures designed to treat specific complications.
EARLY SURGICAL MANAGEMENT
Biliary Operations. In patients with acute pancreatitis associated with cholelithiasis, it has been proposed that early biliary surgery may ameliorate the severity of pancreatic inflammation (12, 28, 82) . Operative recommendations include cholecystostomy (82) , common bile duct drainage (28) , and cholecystectomy (12) . Acosta et al (1) recently reviewed 132 patients judged to have acute gallstone pancreatitis with symptoms of less than 48 hr duration. In 86 patients treated prior to 1972, a nonoperative early approach was followed and the mortality during that period was 16%. Between 1972 and 1975, 46 (16) have not demonstrated any reduction in morbidity from pancreatitis in patients undergoing biliary surgery during the acute illness. In a recent report from Hong Kong (61), mortality was 3.5% in 142 patients whose early management was nonoperative compared to 14.8% in 169 patients undergoing surgery during the episode of acute pancreatitis. The variations in reported experience appear to be related to differences in criteria for the diagnosis of pancreatitis, the problem of identification of" severe" pancreatitis, and the, prevalance of associated pyogenic cholangitis in some areas of the world. In our own experience in New York (65) , there were five deaths (23%) among 22 patients who underwent intraabdominal surgery during the first week of treatment for acute gallstone pancreatitis. Seventy-four patients who were managed nonoperatively during this early period all survived. The risks of early surgery appeared to be most marked in patients identified as having "severe" pancreatitis. Nine of 23 such patients underwent early operation with four deaths (44%). Furthermore, prior to 1972 an aggressive early surgical approach to acute gallstone pancreatitis was followed. During this period, 57% of patients underwent early laparotomy and the overall mortality was 29%. Since 1972, a nonoperative early approach has been followed when possible, and the overall mortality has fallen to 1.5%. The only patient treated after 1972 who died was found to have pancreatitis at early diagnostic laparotomy and underwent definitive biliary surgery at that time.
The incidence of recurrent acute pancreatitis in patients who survive one episode of gallstone pancreatitis is 32-63% (65), and it is widely agreed that definitive biliary surgery should be carried out once the acute pancreatitis has subsided (16, 62, 65) .
Pancreatic Drainage. Early operative drainage of the pancreas was recommended in the early part of this century (58, 79) and has recently received renewed attention (44, 50, 88, 89) . In 1968, Waterman described a reduction in the early mortality from experimental pancreatitis when animals were treated with sump drainage of the pancreas (89) . In these, and in many other experimental studies of the surgical treatment of pancreatitis, operative intervention was used to induce pancreatic inflammation. It may not, therefore, be appropriate to extrapolate these findings to the clinical setting. Nonetheless, Waterman also reported ten patients with "hemorrhagic" pancreatitis who were treated by operative sump drainage of the pancreas with survival in nine cases. In 1970, Lawson and associates (50) reported a 26% mortality in 15 patients treated for "severe" pancreatitis by wide sump drainage, cholecystostomy, gastrostomy, and jejunostomy.
Encouraged by these reports, a controlled clinical evaluation of early operative pancreatic drainage was initiated in patients with' 'severe" acute pancreatitis (67) . Only ten patients were included in this study, but the frequency of intraabdominal sepsis and the severity of respiratory complications were dramatically increased in those patients who underwent early surgical drainage of the pancreas. All ten patients survived, but the mean period of intensive care rose from 10.3 days in unoperated patients to 27.8 days in the operative group.
Pancreatic Resection. In 1963, Watts (90) described survival of a patient with pancreatitis who was treated by total pancreatectomy approximately 48 hr after the onset of symptoms. Since that report there has been extensive interest, especially in Europe, in the possibility that early removal of part or all of the pancreas may decrease the devastating systemic and local sequellae of severe acute pancreatitis (13, 17, 19, 35-38, 46, 49, 52, 55, 57, 59, 63, 72, 73) .
In clinical reports of early pancreatic resection, pancreatitis is usually characterized as "necrotizing" or "hemorrhagic" but has not been classified by any criteria which permit comparisons with nonsurgical treatment. In a collective review of 129 pa-tients treated by primary resection, mortality was 39%. It was 67% after total pancreatectomy, 43% after pancreatoduodenectomy, 50% after distal pancreatectomy, and 41% after distal subtotal pancreatectomy. In 65 patients treated by resection of necrotic tissue alone, mortality was 29% (17) . Our own experience with early pancreatic resection is limited to five patients who had extensive retroperitoneal hemorrhage or frank liquification necrosis of the pancreas (67) . The subsequent course of these patients was remarkably similar to that of other patients with pancreatitis of comparable severity. It was marked by severe respiratory complications, intraabdominal sepsis, and eventual death.
Experimental studies have shown that the mortality in dogs treated by total pancreatectomy 24 hr after induction of pancreatitis is twice as great as that in animals treated by intravenous therapy alone (33) . Evaluation of the influence of timing of resection on survival suggests that mortality is reduced only if resection is carried out within 30 min of the induction of experimental pancreatitis (45) .
Our overall experience has been that early intraabdominal surgery does not decrease the morbidity of acute pancreatitis in any group identified (70) . Mortality was 3.7% in 269 patients managed without laparotomy compared to 39% in 31 patients undergoing early intraabdominal surgery. These findings are similar to those in another prospective study which was reported by imrie (41) . He found, in a group of 78 patients, that mortality was 6% following early nonoperative treatment and rose to 46% in patients treated operatively. In our patients, the increase in morbidity has been most marked in those judged to have "severe" pancreatitis. Mortality in 42 such patients whose early management was nonoperative was 19%. In 17 similar patients who underwent laparotomy during the first week of treatment, mortality was 65% (70) .
Peritoneal Lavage. In 1965, Wall reported dramatic clinical imProvement in three patients with acute pancreatitis when peritoneal dialysis was initiated for the treatment of associated renal failure (85) . Two of these three patients survived and, over the next five years, six reports were published which summarized experience with a total of 21 patients treated for pancreatitis by peritoneal lavage (8, (23) (24) (25) 29) using catheters placed under local anesthesia. Although the severity of pancreatitis treated is not always clear, and the timing and techniques of lavage have varied, 52% of these patients survived. In addition, all observers have noted a marked immediate clinical improvement following the institution of lavage. A small controlled clinical trial which compared percutaneous peritoneal lavage with conventional nonoperative treatment confirmed the apparent early benefits of lavage (68) . This study included only ten patients who were considered to have "severe" pancreatitis. The etiology of pancreatitis in these patients was mixed, including alcohol abuse, cholelithiasis, and hyperlipoproteinemia. The periods of leukocytosis, hyperamylasemia, and hypocalcemia were markedly reduced in the lavaged group. The mean period of treatment in the intensive care unit was reduced from 17.4 days in nonlavaged patients to 8.4 days in the lavaged group. Finally, there was one death in a nonlavaged patient.
A large series of patients treated by peritoneal lavage has recently been reported by Ohlsson (6) . In their group of 69 patients, 58 were considered to have "hemorrhagic" pancreatitis and 80% survived following lavage. The authors consider that the mortality in similar patients treated without lavage would be 40-70%, but this claim is hard to evaluate.
In our experience with a group of 24 patients considered to have "severe" pancreatitis on the basis of early objective criteria, peritoneal lavage was successful in preventing all deaths during the first ten days of treatment. By Contrast, 11 of 79 similar patients (14%) with" severe" pancreatitis who were treated without lavage died during this early period. Overall, 45% of deaths in nonlavaged patients occurred during the first ten days of treatment, usually from cardiovascular or respiratory failure (70) .
This improvement in early mortality from clinical acute pancreatitis is in keeping with the findings of experimental evaluations of the therapeutic efficacy of peritoneal lavage. Studies in both dogs and guinea pigs (5, 71, 74-76) have found that iavage was associated with immediate general improvement and increased survival. Since hetnodialysis is not associated with a significant improvement in survival from acute pancreatitis (7), it is usually presumed that the efficacy of lavage is not due to improvement in fluid or electrolyte status nor to removal of dialyzable substances from the blood. The benefits oflavage have therefore been attributed to removal of toxic factors present in the peritoneal exudate in acute pancreatitis. Factors which have been in= dentified in this exudate include amylase, lipase, phospholipase A, trypsinogen, prostoglandin-like activity, and kinin-forming agents (6, 26, 27, 32, 39, 74, 77, 83, 89) . In addition, the exudate has been RANSON reporte d to produce systemic hypotension, histamine release, and increased vascular permeability (3, 39, 60, 77, 83) .
Experimental studies of lavage suggest that it reduces fat necrosis and pancreatic necrosis (5, 71, 76) . Unfortunately, in our uncontrolled clinical experience, lavage has not proved to be effective in preventing peripancreatic sepsis which is the most lethal late complication of peripancreatic necrosis. As a result, no significant improvement in overall survival has been demonstrated following peritoneal lavage (70) .
Thoracic Duet Drainage, Since pancreatic enzymes may reach the bloodstream by lymphatic channels, Bartos has proposed that thoracic duct drainage may benefit patients with acute pancreatitis (9) . Reported clinical experience is small, and experimental studies suggest that relative thoracic duct obstruction may negate the potential advantages of this procedure (78) .
Diagnostic Laparotomy. In patients with acute pancreatitis, the role of surgical intervention may sometimes be primarily diagnostic rather than therapeutic. The diagnosis of acute pancreatitis is beyond the scope of this review. It is usually agreed, however, that a small proportion of patients do require early surgical exploration of the abdomen to exclude or treat mesenteric iiafarction, gangrenous cholecYstitis, or other intraabdominal pathology which may require urgent surgical correction (15, 64, 84, 87) . Such nonpancreatic disease may not only closely mimic acute panceatitis, but it may also occasionally occur coincidentally with acute pancreatitis. When uncomplicated acute pancreatitis is found at diagnostic laparotomy, the choice of surgical procedure should be determined by specific therapeutic goals. Once surgical exploration has been undertaken, this choice may be different from that of a decision for or against a specific surgical procedure compared to nonoperative therapy. There is very little data available which compares different surgical procedures in patients undergoing laparotomy. Gliedman (21) has reported that simple closure of the abdomen without drainage was associated with a 100% mortality in 48 patients. Our own experience with 24 patients with "severe" pancreatitis who underwent early laparotomy does not indicate that limitation of the surgical procedure to placement of lavage catheters changes the overall mortality from that observed in similar patients who underwent more extensive early surgical procedures including pancreatic drainage or resection (70) . Experience with a small number of patients with "severe" gallstone-associated pancreatitis, does, however, suggest that, in these patients, it may be safer to limit early biliary surgery to cholecystostomy (65) .
SURGICAL TREATMENT OF COMPLICATIONS OF ACUTE PANCREATITIS
Local complications of acute pancreatitis include paralytic ileus, acute sterile peripancreatic fluid collections, and duodenal or biliary obstruction. These findings usually resolve as pancreatitis subsides and rarely require specific treatment. Chronic pancreatic pseudocysts may develop following acute pancreatitis. They are, however, more commonly due to chronic pancreatitis or to pancreatic trauma and are beyond the scope of this review. Infected peripancreatic abscesses are, however, complications of acute pancreatitis which are usually lethal unless appropriate surgical treatment is instituted (4, 10, 14, 18, 43, 47, 49) .
Infected peripancreatic abscesses occur in 1-9% of patients with acute pancreatitis (4, 11, 18, 20, 21, 29, 30, 51, 69) . They are usually diagnosed during the second and third weeks after the onset of acute pancreatitis (4, 14, 18, 34, 47, 56, 86) , and their most frequent manifestations are recurrent or persistent fever, ieukocytosis, distension, and abdominal mass (4, 10, 18, 56, 69, 81, 86) . The introduction of ultrasonography and of computerized axial tomography has improved the diagnosis of peripancreatic fluid collections. They usually do not, however, help to differentiate sterile collections which may resolve with nonoperative treatment from infected collections which require surgical evacuation (64) .
The mortality associated with pancreatic abscesses is high in all reports, ranging from 22 to 57% (4, 10, 14, 43, 47, 56) . The technique of surgical drainage of infected pancreatic abscesses has not, however, been extensively analyzed in the literature. Steedman (81) has described an extraserous surgical approach, but most authors advocate a transperitoneal exploration (18, 47, 56, 86) . Debridement of necrotic tissue has been stressed (91) together with the frequent need for repeated surgical intervention for persistent sepsis (10, 20, 21, 47, 86, 91) . Gliedman has advocated marsupialization of pancreatic abscesses and reported a decreased incidence of repeat exploration for persistent or recurrent sepsis with this approach. Overall mortality was, however, not substantially improved over that following placement of multiple drains (29) .
In our experience (64, 69) , the mortality associated with pancreatic abscesses has been related to the severity of the underlying pancreatitis. It was 14% in patients whose pancreatitis was classified as "mild" but rose to 100% in those with the most "severe" disease. Failure to classify the severity of the underlying pancreatitis may contribute to the fact that other studies (10, 29) have shown no relationship between the type of surgical drainage undertaken and overall mortality. Sixty percent of our patients with pancreatic abscesses were classified as having "moderately severe" underlying acute pancreatitis. In this group, treatment of the abscesses by a formal exploration of the entire peripancreatic retroperitoneum combined with the institution of prolonged wide sump drainage reduced the overall mortality to 18% compared to 90% in patients managed by less extensive procedures. Furthermore, no surviving patient who underwent formal wide sump drainage required repeated surgical intervention for recurrent pancreatic abscesses. In those patients in whom the underlying pancreatitis was classified as either less or more "severe," the type of surgical drainage undertaken did not influence survival.
SUMMARY AND CONCLUSIONS
It is widely agreed that early surgical exploration of the abdominal cavity is necessary in a small proportion of patients with acute pancreatitis in order to exclude or treat conditions requiring surgical correction which may closely mimic or occur together with acute pancreatitis. The choice of surgical procedure when acute pancreatitis is found at diagnostic laparotomy has received little attention in published reports.
The possibility that early biliary surgery, pancreatic drainage, or pancreatic resection might ameliorate the morbidity of severe acute pancreatitis has been widely evaluated during the past ten years. No prospective study has clearly identified any group of patients in which these surgical procedures are superior to nonoperative therapy. Recent reports suggest that peritoneal lavage by catheters introduced under local anesthesia may be a valuable adjunct to the treatment of early cardiovascular and respiratory complications of severe acute pancreatitis. Clear improvement in overall survival has not, however, been demonstrated following lavage.
Infected peripancreatic abscesses require surgical treatment. Apparent improvement in the management of these abscesses has been reported using a radical surgical approach. Morbidity and mortality from infected abscesses remain high, and the most pressing need is for better measures to prevent these catastrophic sequellae of peripancreatic necrosis.
In patients with pancreatitis associated with cholelithiasis, prevention of further pancreatitis is best achieved by operative correction of biliary disease as soon as acute pancreatic inflammation has subsided.
